The conversion of 2-thio-aryl-tryptophan and related derivatives to the corresponding 2-hydroxycompounds by acidic hydrolysis was investigated. The thioether function is introduced into the tryptophan residue by the selective reaction of sulfenyl halides with the indole nucleus. The sub stitution occurs under mild conditions only when the amino group of the tryptophan residue is free. The assistance of the amino group was confirmed using model compounds. Thus 2-thio-(2-nitrophenyl)-tryptamine is smoothly converted to 2-hydroxy-tryptamine whereas 2-thio-(2-nitrophenyl)-/?-indolyl-propionic acid is completely stable under the same conditions. The conversion of 2-thio-aryl-tryptophan units linked in a polypeptide chain to the corresponding 2-hydroxy-tryptophan occurs only under conditions during which hydrolysis of the peptide bond occurs. It was also observed that the 2-nitro-thiophenols which are released during the hydrolysis of 2-thio-(2-nitrophenyl)-tryptophan and related compounds are converted under the conditions of the reaction to 2-aminobenzene sulfonic acids. 
Since it had been dem onstrated2 that 2-nitro (N P S -C 1 ), 4-nitro (p N P S -C l) and 2,4-dinitrophenyl-1 E. S c o f f o n e , A. F o n t a n a , and R . R o c c h i, Biochemistry 7, 971 [1968] . 2 A. F o n t a n a , E. S c o f f o n e , and C. A. B e n a s s i , Biochemistry 7,980 [1968] . 3 A. F o n t a n a , F . M. V e r o n e s e , and E. 
H.
W i e l a n d and B . W i t k o p , Liebigs Ann. Chem. 543, 171 [1940] .
5 T h . W i e l a n d , G . S c h m id t , and L. W i r t h , Liebigs Ann.
Chem. 577,215 [1952] .
6 T h . W i e l a n d , K. These results which suggest the assistance of the a-amino group explain the difficulties encountered by from Merck AG (Darmstadt, Germany). Tryptamine was a chromatographically pure compound obtained from Lab. Plan SA (A ire -Geneve, Switzerland). 2-Aminobenzene sulfonic acid was purchased from Merck AG. Amberlite XE-64 and Amberlite IR-120 were obtained from Bio-Rad. The pentapeptide PheVal-Gln-Trp-Leu, corresponding to the 22 -26 se quence of glucagon, was a gift of Dr. E. W ü n sc h (MaxPlanck-Institut für Eiweiss und Lederforschung, Mu nich, Germ any). Lysozyme, trypsin, and a-chymotrypsin (Worthington Biochem. Corp.) were used without further purification.
M ethods. U V spectra were obtained with a Beckman Model DB spectrophotometer connected to a Sargent recorder. Absorptions at single wavelenghts were de termined with a Beckman Model DU spectrophotometer. The IR spectra were obtained with a Perkin-Elmer Model 337 spectrophotometer. pH was determined with a Beckman expanded scale pH meter, Model 76. The rotatory powers were measured with a Perkin-Elmer Model 141 polarimeter; concentrations are given in grams per 100 ml of solvent. The melting points were determined with T o 11 o 1 i's apparatus (Büchi, Flawil, Switzerland) and are uncorrected.
Thin layer chromatography (S i0 2) was performed using the following solvent mixtures: n-butyl alcohol : water : glacial acetic acid (3:1:1) ( R ft) ; ethyl ace tate : pyridine : water : glacial acetic acid (60 : 20 : 14 : 6) ( R f2) ; chloroform : benzene : glacial acetic acid (85 : 10 : 5) (R f s ). Paper chromatography was performed on Whatman paper n. 1 using n-butyl alco hol : water : glacial acetic acid (4:5:1) as eluent; for bidimensional chromatography this solvent was used for the first run and water for the second one. The compounds were in turn detected by ninhydrin spray, hypochlorite-starch-KI test21, and reaction with p-dimethylaminobenzaldehyde.
Amino acid analyses were carried out in the labora tory of Dr. E. W ü n s c h with a Beckman-Spinco Model 120 B amino acid analyzer, according to the standard procedure of S p a c k m a n et al. n .
A. Preparation of 2-thio-aryl-trypto phan derivatives and related compounds
-T h io-(-n itro p h en y l)-try p ta m in e monohydrate.
To a solution of 6.9 g (43 mmoles) of tryptamine in 100 ml of glacial acetic acid, 8.6 g (45 mmoles) of NPS-C1 were added with stirring. After 2 hrs at 22 -24°, the mixture was filtered from undissolved material and evaporated in vacuo. The residual oil was treated with ethyl ether which caused crystallisation. The yellow product was filtered, recrystallized from ethanol-anhy drous ethyl ether and dried in vacuo over P 20 3 . The yield was 12.5 g (84%). The hydrochloride (1 g; 28 mmoles) was dissolved in 100 ml of water and precipitated by adjusting the pH to 9 with 5% N a2C 0 3 solution. The yellow precipi tate was collected by filtration, washed several times with water and dried in vacuo (IO -2 torr) over P 20 5 . The yield was 0.7 g (76%), mp 87 -9 0°; R f2 0.64 (single yellow, ninhydrin-positive spot).
A nal. Calcd for C16H 15N 30 2S • H 20 (331.2): N, 12.64; S, 9,65. Found: N, 12.45; S, 9.66.
-Thio -( 4 -n itroph enyl) -l -tryptophan. T r p (p N P S ) .
To a suspension of 2.04 g (10 mmoles) of L-tryptophan in 20 ml of glacial acetic acid, 2.09 g (11 mmoles) of pNPS-Cl in 15 ml of acetic acid were added with stir ring at room temperature. After 3 hours, the solution was concentrated in vacuo. The residual oil, after washing with ethyl ether, was dissolved in 5 ml of acetic acid. After adding 200 ml of water, the preci pitate was collected by filtration, washed with water and ethyl ether, and dried in vacuo over P 20 5 at 50° 
N -A ce ty l-2 -th io -( 2-n itroph en yl) -L-tryptophan. N-acet y l-T r p (N P S ).
To a solution of 2.46 g (10 mmoles) of 7V-acetyl-Trp22 in 100 ml of glacial acetic acid, 2 g (10.5 moles) of NPS-C1 were added. The solution was stirred at 22 -24° for 2 hrs and then evaporated in vacuo to dryness. The residual oil was redissolved in water (200 ml) with the equivalent amount of 1 N NaOH and then precipitated again by acidification (pH 2) with 1 N HC1. The yellow precipitate was collected, washed several times with water and dried in vacuo over P ?0 5 . The yield was 3.15 g (79%), mp 
N -Car bob enzoxy-2-thio-( 2-nitrophenyl ) -l -tryptophan. Z -T r p (N P S ). This compound was prepared from N -

N -C arbobenzoxy-2-thio-( 2 ,4-dinitrophenyl) -l -trypto phan. Z -T r p (D N P S ).
This compound was prepared from 7V-carbobenzoxy-L-Trp23 and DNPS-C1 in gla cial acetic acid in the same way as reported above for ,/V-acetyl-Trp (N P S ). The yield was 84%, mp 142 -144°, R ,3 0.37; [a ]g -8 . 4 (c 0.5, M eO H ). 
2-Th io-(2 -n itrop h en y l)-b-tryptoph a n methylester hyd roch lo rid e ' T r p (N P S )-O M e -H C l.
To a solution of 2,5 g (10 mmoles) of Trp-OM e*HCl 24 in 60 ml of glacial acetic acid, 2 g (10.5 mmoles) of NPS-C1 were added with stirring. After 3 hrs at room tempera ture the solvent was removed in vacuo and the residual oil recrystallized from ethanol-anhydrous ethyl ether. The yellow product was then dried in vacuo over P 20 5 at 50°. The yield was 3.65 g (90%), mp 144 -146°; R h 0.65; [a ]g + 22.0 (c 0.5, M eO H ).
Anal. 
-T h io -( 2-nitrophenyl)-L-tryptophanyl-glycine m ono hydrate. T r p (N P S )-G ly • H 20 .
T o a solution of 2.6 g (10 mmoles) of T rp -G ly25 in 20 ml of glacial acetic acid, 2.07 g (11 mmoles) of NPS-C1 were added under stirring at room temperature. After 3 hrs, the solution was poured into anhydrous ethyl ether and the yellow precipitate was collected by filtration, washed with ether and dried in vacuo over P 2O 5 . The yield was 4 g (89%) ; R f2 0.45 (single yellow, ninhydrin-positive spot). A sample of this hydrochloride (0.5 g) was dissolved in 15 ml of water and again pre cipitated by adjusting the pH to 4 -5. After centrifu gation and washing with ethyl ether, the compound was dried in vacuo over P 20 5 . The yield was 0.3 g, mp 162° dec. B. Conversion of 2 -1 h i o -a r y 1 -1 r y p t ophan to 2 -hydr0 xy -1 rypt0 phan
h-Phenylalanyl-L-valyl-L-glutam inyl-2-thio-( 2,4-dinitrophenyl)-L-tryptophanyl-L-leucine bihydrate. P h e-V a l-G ln -T r p (D N P S )-L e u '
K in e tic measurements. (F ig s . I and I I ) .
The com pound ( 1 0 //moles) was dissolved in 2 0 % acetic acid 24 A. A. B o is s o n a s , S . G u t t m a n n , R. L. H u g u e n i n , P. A. (10 ml) and the solutions deareated with nitrogen stream were heated in evacuated sealed tubes at 95° or 120°. A t selected times hydrolysis was stopped, and an aliquot of the solution (0.5 ml) was analyzed by paper chromatography. The spots were revealed by U V light, ninhydrin spray and the p-dimethylaminobenzaldehyde reaction.
The determination of Trp-OH was carried out after elution of the corresponding spots with water (5 ml) and spectrophotometric analysis at 250 m/u (£ 7,250 for Trp-OH) or by using the colour reaction of the Folin-Ciocalteu's Reagent27. For this purpose to 2 ml of the solution were added 0.2 ml of the reagent; after 1 hr 1 ml of 1 N NaOH was added and the absorption at 660 m/u was determined. The Trp-OH content was determined by comparison against standards run under the same conditions.
The extent of hydrolysis was also followed by the disappearance of the 2-thio-aryl-tryptophan derivatives. These compounds (yellow spots, dark under U V light) were eluted with ethanol and determined spectrophotometrically in the range of 280 -360 m/i.
The pH dependence of the hydrolysis was deter mined by heating T rp (o N P S ) for 30 minutes in 1 N HCl, 0.1 N HCl, 0.01 M citrate and 0.01 M phosphate buffers. The yields were calculated on the basis of the expected amount of Trp-OH.
l -A la n y l-2 -th io-( 2 -nitroph en yl) -L-tryptophan diketo-
piperazine. A solution of 0.24 g (0.5 mmoles) of Ala-T rp (N P S )-O M e -H C l 28 in 20 ml of 20% acetic acid was heated in a sealed tube at 110° for 4 hrs. The pre cipitate (yellow needles) was collected by filtration, washed with 50% acetic acid and dried in vacuo at 100° over P 20 3 . The yield was 0.2 (92%), mp over 250°; R ft 0.93 (yellow, ninhydrin-negative spot) ; [a ]g -48.0 (c 0.5, glacial acetic acid).
The absorption spectrum of this compound in 80% acetic acid was the same as the spectrum of the starting material {X max 280 mfx and 363 m/u) ; IR v max 3340, 1675, 1340 c m "1 (K B r ).
A n a l. Calcd for C20H 18N 4O4S (410.22) : C, 58.55; H, 4.39; N, 13.65; S, 7.83. Found: C, 58.52; H, 4.27; N, 13.75; S, 7.60.
Hydrolysis in 25% H 2S 0 4 . (Ta ble I ) .
The Trp(N PS)-derivatives, iV-acetyl-Trp (N P S ), Ala-Trp (N P S ) -OMe • H C l28 and Phe-Val-Gln-Trp (N P S )-L e u 26, were heated in 25% H 2S 0 4 (about 20 mg in 3 ml) in a sealed tube at 105° for 24 hrs. After this time the solution was filtered from insoluble by-products, diluted to 60 ml with water and the sulfate precipitated as the barium salt with 2 N B a (O H )2 (indicator phenolphthalein). The suspension, after addition of 5 ml of 1 N HCl, was heated on a steam bath for 30 minutes, filtered and evaporated in vacuo under a nitrogen stream. The residue was redissolved in water and an aliquot ana lysed for Trp-OH content by paper chromatography, as described above.
The NPS-proteins were hydrolysed in the same way and, after elimination of sulfate and evaporation in vacuo, the residue was redissolved in citrate buffer (pH 2.2) and applied directly to the amino acid analyser. The columns were developed according to S p a c k m a n et a l.11.
2-H ydroxy-tryptophan. a) F rom 2 -th io-(4 -n itroph en yl)-L-try ptophan. 1.4 g (39 mmoles) of T rp (p N P S ) were dissolved in 150 ml of 20% acetic acid, and heated for 10 hrs at 110° in a sealed tube. Oxygen was bub bled through the solution and the precipitate was col lected (0.56 g ; 95% yield) and identified as 4,4,-dinitro-phenyldisulfide from its melting point (mp 181 to 182° from ethanol; lit .29, 181°), U V spectra and analytical data.
The solution was decolorized with charcoal and then concentrated (10 ml) in vacuo under nitrogen stream. The pH was brought to 5 with 10% ammonia solution and after standing for 2 hours at 0° the precipitate was collected, washed with ethanol and dried at 70° in vacuo (10~2torr) ower P 20 5 . The yield was 0.6 g (70%), mp 2 5 0 -2 5 2° (lit .9 2 4 6 -2 4 7°); In the residual product (0.66 g ) , the disappearance of absorption at 360 m/u (characteristic of the nitro grou p), the yellow colour formed upon reaction with p-dimethylaminoberizaldehyde, diazotisation and cou pling with 7V-l-naphtyl-ethylene-diamine (deep violet colour), showed the presence of an amino instead of a nitro group. Aqueous solutions were strongly acidic and the thiol group was shown to be no longer present (no precipitation with heavy metals). From these characteristics it was possible to identity the compounds as 2-aminobenzene sulfonic acid (A n a l. The absorption spectrum of the isolated compound was also compared with authentic 2-aminobenzene sul fonic acid (A max 239 m/u and 295 m/u, e 7,350 and 2,750 respectively in phosphate buffer pH 7.0, 0.1 M ).
The column was then eluted with 0.05 N N H 3 in order to obtain Trp-OH, the solution (80 ml) passed through a 10 x 0.9 cm column of Amberlite XE-64 in order to remove N H 3, and the column washed with 100 ml of water. A ll effluent was lyophilized, yielding 0.6 g (53%) of analytically pure compound.
2-H ydroxy-tryptam ine hydrochloride.
A solution of 1.15 g (34 mmoles) of 2-thio-(2-nitrophenyl)-tryptamine in 40 ml of 15% acetic acid was heated in a sealed tube at 110° for 10 hrs. A precipitate of 2,2'-dinotrophenyldisulfide (0.14 g ; mp 193 -194°, lit . 31 195°) was removed, and the solution passed through a 15 x 0.9 cm column of Amberlite IR-120 (H ® ). The column was washed with water and all effluent evaporated in vacuo to dryness. The residual product (0.37 g; theory 0.58 g) was 2-aminobenzene-sulfonic acid already obtained in the hydrolysis of Trp (N P S ).
The 2-hydroxy-tryptamine was then eluted with 1 N HC1, the effluent analyzed by thin layer chromatogra phy and the fractions containing the compound were lyophilized. The residue (0.54 g; 74%), recrystallized from ethanol, melted at 247 -249° (lit. 9 237°).
A nal. Calcd for C^H^N A -H C l : C, 56.47; H, 6.12; N, 13.17. Found: C, 56.80; H, 6.19; N, 13.05.
C. Oxidation-reduction of nitrothiophenols a)
The 2-nitro ?2, 4-nitro33 and 2,4-dinitrothiophen o l34 ( 20 //moles) were dissolved in 20% acetic acid (6 m l). The solutions were deareated in vacuo and heated in sealed tubes at 110° for 2 hrs.
From 2-nitrothiophenol it was obtained 2-aminoben zene sulfonic acid, identified by paper chromatography in n-butyl alkohol : water : glacial acetic acid (4:5:1), yellow spot by the p-dimethylaminobenzaldehyde reac tion.
On the other hand from 4-nitrothiophenol no 4-aminobenzene sulfonic acid (sulfanilic acid) was formed as judged by paper chromatography.
Analysis of the reaction mixture from 2,4-dinitrothiophenol by paper chromatography showed the forma tion of 2-amino-4-nitrobenzene sulfonic acid. This com pound was identified by comparing its chromatographic 
